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Sprayer With Control Module For Injection Of Fuel 
Into An Internal Combustion Engine 

[Forsunka s blokom upravleniya dlya vpryska topliva 
V drigatel vnutrennego sgoraniya] 


Use: The invention relates to engine design, in particular 
to sprayers with electrical control, and can be used for 
injection of fuel into internal combustion engines. The goal of 
the invention is an increase of the degree of dispersion of the 
fuel and of the accuracy of dispensing of the fuel. The essence 
of the invention is: The sprayer consists of an ultrasonic 
transducer, at the ends of which electrodes are applied. A 
cylindrical vessel by means of which the ultrasonic transducer is 
mounted in the body is affixed to the lower end of the 
transducer. A concentrator with slide valve situated in its 
lower part is affixed to the lower part of the vessel. Within 
the body is mounted a sprayer with spray orifices, and there are 
also a channel and prenozzle cavity joined by the channel to an 
intermediate cavity for delivery of fuel, in which there is a 
connector. The control module is connected at its control output 
by means of electrodes to the ultrasonic transducer and contains 
a level matching circuit, an ultrasonic pulse generator, an 
electronic switch, a counter of the number of actuations and a 
set point controller. One illustration. 


The invention relates to engine design, in particular, to 
sprayers with electric control, and can be used for injection of 
fuel into an internal combustion engine. 

The goal of the invention is an improvement of the 
dispersion of fuel, since it occurs under the effect of the 
ultrasonic oscillations of a transducer, and an increase of the 
accuracy of dispensing, since the per-cycle delivery is 
proportional to the number of ultrasonic pulses. 

The drawing shows the proposed sprayer. 

The sprayer consists of: ultrasonic transducer 1, on the 
ends of which are applied electrodes 2 and 3, To the lower end 
of the ultrasonic transducer 1 is affixed (for example glued) 
quarterwave cylindrical vessel 4, with which the ultrasonic 
transducer 1 is mounted in body 5 with the aid of nut 6 and is 
sealed by gaskets 7 and 8. To the lower end of vessel 4 from 
below is affixed (for example glued) concentrator 9, in the lower 
end of which is situated slide valve 10. To the lower part of 
body 5 is affixed sprayer 11, which has spray orifices 12, 
channel 13, and prenozzle cavity 14, which is connected by 
channel 13 to intermediate cavity 15 . Connector pipe 16 is 
intended to deliver fuel to intermediate cavity 15. Control 
module 17 is connected at its control output by electrodes 18 and 
19 to ultrasonic transducer 1 and consists of level matching 
circuit 20, ultrasonic pulse generator 21, electronic switch 22, 
a counter of the number of actuations 23 and set point controller 
24. 


The control module is assembled of standard elements (for 
example, K-155 series microcircuits) , while the high voltage 
switch is made with a KT812 transistor and does not have any 
peculiarities . 

The sprayer operates in the following way. 

The set point controller establishes the presetting of 
counter 23 and sends the signal to actuate the sprayer. On this 
signal the counter actuates electronic switch 22 and connects 
generator 21 to transducer 1. The electric pulses from generator 
21 induce mechanical oscillations in transducer 1, which are 
intensified in amplitude by concentrator 9 and which move slide 
valve 10 along the axis of sprayer 11. As this happens, fuel 
from pipe 16 from the fuel pressure accumulator goes through 
intermediate cavity 15, drilling 13, prenozzle cavity 14, slide 
valve 10 and spray orifices 12 and enters the surrounding space 
in a finely divided form. At the same time, pulses from the 
ultrasonic generator 21 through electronic switch 22, 
level -matching circuit 20 reaches the count input of counter 23, 
subtracting the preset code. When the actual number of pulses at 
the count input coincides with the number preset by set point 
controller 24, actuation counter 23 resets the electronic switch 
to the starting position, disconnecting transducer 1 from 
generator 21 and shorting electric leads 18 and 19, which damps 
the oscillations of transducer 1 and blocks the feed of fuel. 

The use of the proposed sprayer makes it possible to 
increase substantially the degree of dispersion and accuracy of 


dispensing of the fuel by comparison with the existing sprayer, 
which results in a decrease of the toxicity of exhaust gases, to 
an improvement of engine power and to a savings of fuel . 

The existing sprayers limit the maximum speed of a 
four-cycle gasoline engine to a level of 4500--5000 rpm. Since 
maximum per-cycle deliveries of the existing sprayers require 
that they have an open state time of 8-12 msec, essentially only 
injection of fuel into the inlet pipe is possibly, and it is 
impossible to carry out stratification of the charge with the 
goal of improving engine economy and reducing exhaust gas 
toxicity. 

When the proposed sprayer is used for maximum delivery of 
fuel to a four- cylinder four-cycle engine with a power of 
75-100 kW, a crankshaft turning angle of 36*> is required at a 
speed of 6000 rpm, which is significantly less than the injection 
phase, making it possible to carry out effective stratification 
of the charge and to improve the economy of the engine up to 20%. 

If a TsTSNV-1 ceramic piezoconverter operating at a 
resonance frequency of 4 0 kHz is used with an exponential 
concentrator having an amplification factor of 8, with an 
exciting voltage of 1200 V and a slide valve diameter of 3 mm, 
the feed of benzine per pulse is 0.5 mm\ In this case the 
droplets of fuel at the exit from the sprayer are 1-5 /xm in size, 
which significantly improves mixture formation and reduces the 
toxicity of the exhaust gases. 


claims 


A sprayer with a control module for injection of fuel into 
an internal combustion engine, which contains a control module 
made in the form of a voltage generator, a body with channels for 
delivery and withdrawal of fuel, a hollow expander with nozzle 
orifices mounted on the body placed in the cavity of the sprayer 
with the formation of a cavity for feed of fuel and the 
possibility of periodic connection of the latter to the nozzle 
orifices, a gate element with drive in the form of a 
magnetostriction transducer which is electrically connected to 
the output of the control module, and the channels for delivery 
and withdrawal of fuel connect to the fuel delivery cavity, which 
is distinguished from the fact that, with the goal of increasing 
the accuracy of dispensing and the quality of atomization, the 
sprayer is equipped with a counter with a preset level, a 
level -matching circuit, an electronic switch with control inputs 
and a set point controller, the drive for the gating element is 
made in the form of an ultrasonic transducer with concentrator 
rigidly linked to it, the voltage generator is made in the form 
of an ultrasonic generator, and the ultrasonic generator is 
connected through an electronic switch to the corresponding 
outputs of the counter, the inputs of which are connected through 
the level -matching circuit to the outputs of the control module, 
and the preset inputs of the counter are connected to the outputs 
of the set -point controller* 
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T71) KncocKiivt aDTOMo5iinbt^-Aopo>KHbirt ; 


(56) AoTOpcKoe c^nAeTcnbCTDO CCCP 
N? 138G733, k/i. F 02 M 51706, 198B. 

S(54) OOPCYHKA C BJIOKOM yriPAQnEHMn, 

^^•;a;iji onPbiCKA TonnnQA b ABwrATE/ib 
":BHyTPEHHEro croPAHii^ V : . 

(57) Mcnonb3onaMMe: u3o6peTCiiHe oTMOcmcn 
K flBuraTcnecTpoeHHio, o MaCTMOCiu k (t)opcyH- 
KaM c aneKrpimecKiiM ynpaD/ieHvicM. m MO>KeT 
6uTU iicncnbSOBaMo A^fl DnpLtcKnoaMun xon- 
mioa n flDC. Hc/ib naoepeieHi^n - yoe/iMMeiHic 
CTcnciui AiicnoprnpODaiiun lonnwoa n tomho- 


^^3or>pcTCMiio ofHOCvncp K AOnrarenccTpoc- 

\m\0. D MOCTMOCTll K (l)OpCyHKaM C SnCKTpilMeCKUM 

ynpaoncHuet i ii mo>kct Guub iicno/ibaonaMO An« 
ncnpbiCKMnaiinn ronniuia n Acviraicnb onyrpcu- 
MorocropaHii;^ W3C). 

Ucnbso viDoGpeTOHin nunncrcn y/iyuueiuie 
Avtcncpmpooanim Tomuoa. i.k. omo r^poncxo- 
A;n noAAeCHcTcmoMynbTpa^ayKonwx Kono6aiinM 
npcoGpaoODaTonn n yaenvvicmie tomhocth ao- 
3iipoDaMiin, TflK KaK neniiMUHa nuK/ionon noAaMu 
nponopuuoiianbnaK.onnMCCTDyynbTfjaDnyKOEarx 

iiMnynbCOO. 

Ha MepfO.v.e noKaaana npoAnaracMan 

fl)opcyiiKa. 

(DopcyHKa coacp>kiit: ynbTpanoyKonori 
npGoGpaaonarcnb 1, iia lopunx KOToporo Ma- 


KopnycaycTaHOo/ieH pacnbiniuenb^a^ 
Dak)mMMii bToepcTvinMM. ran >^ 
Kanan V nipcAConnooan nonocji^^oeA^u^^ 
"kaVicinoM c ripoMe>KyTOMHOM "^o^l^f^IfeiSJ^^-W*^^ 
• DOAa Tonniiaa. a KOTOpow nMeerM uj.Tyuejp^^^^^^^ 
"VnpoaneHvtn cogaiihgh cbomm ynip^?^^^^^^^^ 
obi xoAOM nocpcACTDOM 3/ieK T poAoa ^t^y/i brpa- 
aayKODbiM npeoOpaaoaaTcneM n c6Acp>KviT.6noK^^^ 
cor/iacoDaHwn ypooHq, ynbTpaaoyKonoft re>iepf^^^ 

TOP lIMPynbCOD. ahGKTpOllMbiri K/IIOM. CMCTMlik Mj^X.'. 

/iwMecTDa DK/iiOMeiuui ii aoAaTMUK. 1 iin. ; 


y/u,Tpa3DyKonoro npcoOpaaonaienw ..V.npw-. .. 
KpenneH (nanpuMnp npviKneeH) MernepThoon- ; 
MOooiTi craicoH 4, c noMomuio KOToporo 
ynbTpa3oyKODori npeofipaaonnTenb I ycraHoa- . 
ncH n KOpnyce 5 c noMOu^bK) raiiKU 6 ii sarcp- ' 
MeTH3Mpooait npoK/iaAKaMn 7 u 0. K Hu>KHert 
MacTM cTaKona 4 cHnay npiiKpcnncu (nanpvi- ' 
Mcp npitKnecM) KOuuoMTpaTop 9, n Mii:*<HCfi^ 
MacTn KOToporo pacnono>KCH3onoTMHK lO.KmiK- 
uoi\ nacTn Kopnyca 5 npuKpenncvi pacnbiniuenb 
1 K uMeKDmnu pacnbinnoajouiue orncpcrvia 12. 
Kaiina 13. n npeAConnoayJO no/iocTb 14. coe- 
AnucMnyio KananoM 13 c npoMO-HcyroMHOfi no- 
nocTbio 15. UJryuep 16 np'oAHDanaMeH A^n^. 
noAQOAH Ton/uiea b npoMe)KyTOM)Hyio nonocTb^^ 
15. BnoK ynpaonenu?^ VI coo,^\\>^oy\ cdohm yn- • 
naanqiOLUnM bwxoaom ancKtpoAaMn 10 19 c 


y/TbTpa3DyK0BWM npeo6pa3onaTe/ieM 1 n co- 
flep)KHT 6/iOK cornacooaHWR ypooHn 20, y/ibT- 
paaoyKOOoi^ reneparop nMny/ibCoo 21. 
aneKTpoHMwf* k/ik)m 22, CMerMHK Ko/inMecTBa 

DK/lfOMeHMH 23 M 3aflaTM»1K 24. 

GnoK ynpaoneHiiq coOpan iia CTaHAapTHbtx 
a/icMCHTOD (nanpiiMep. MviKpocxeM cepuvi K- 
155). BwcoKOBO/ibTHhiii K/iK)M coGpaH Ha TpaHSM- 
CTope KT812 m oco6enHOCTefl ne nMeer. 

OopcynKa paGoTaex "cneAyK)iuMM o5pa- 

30M. - ... 

3aAaTMMK ocymecTQ/iqeT npeAycraHOBKy 
CMeiMMKa 23 m noAaex cwrHa/i BK/iK)MeHM« <^op- 
cyHKM.nosTOMy curHa/iy CMeT<nK nepeK/iJowaeT 
aneKTpoHHWM k/ik)m 22 m npUcoeAMHsier rene- 
parop 21 K npeo6pa30DaTe/no 1. SneKTpuMe- 
CKiAe nMnynbcu c reHepajopa 2 1 D036y>KAaK)T 

. MexaHMMecKvie kbnc6aKM5) d npeoOpasoBare- 
ne 1, KOTOpwe ycMnMoaiOTCJi no aMn/itfryAe koh- 
ueHTpaxopoM 9 M nepeMGiuaiOT 3onoTHiiK 10 
BAO/ib ocM pacnw/iHTe/in 11. Flpn 3tom m3 rpy- 
GonpoBOAa 16 or aKKyMy/inrcpa AaoneHUH Ton- 
nwoa Mepe3 npoMexyroMHyK) nonocrb 15, 
caep/ieH^ie 13. npeAConnosyio no/iocTb 14, 30- 
noTHMK 10 M pacnbi/iMBa»ouiMe OTBepcTun 12 
nonaAaer o McnKOAvicnepcHOM bmao b OKpy^Ka- 
lOLiiee npocTpsHCTBO. OAHOopeMeHHo nMny/ib- 
cbi OT ynbTpaasyKOBoro renepaTopa 21 nepes 
aneicjpoMHuvl k/iiom 22. 6noK cor/iacoBaHuq 
ypOBH«20nonaAaK)TH3CMeTHbiii bxoa cneTMHKa 
23, BWMViTancb mm m3 npeAeapMTe/ibHO ycraHOB- 
neHHoro KOAa. ripvi coBnaAeHiin (J)aKTii4ecK0- 
ro MMcna wMnynbCOB Ha cmcthom bxoa© c 

- npeABapiirenbHO ycTaHOB/ieHHWM saAarmi- 

KOM 24, CMGTMMK KOnHMeCTSa BK/lKDMeHllii .23 

nepeKiiKDwaer anexTpoHHbiM khh^h b ncxoAHoe 
no/iOKeHne. OTKnioMa^ npeo5pa30D3Te/ib 1 or 
renepaTopa 21 m aaKopaMnoan aneKxpoawBO- 
Abi 18 tt 19. WGM AeMn<|)upyeT KO/ieOaHiin npe- 
o5pa^oBaTC/in 1 m S/iOKupyer noAa'<y Ton/iuBa. 

Hcnonb30Banue npeA^araewofi (t)opcyH- 
Kii no3Bo/ineT no cpaBHenvjio c cyij;ecTByK)mevi 
cymecToeHHO noBwcMib creneHb A^cneprnpo- 
BaHun M TOMHOCTb A03uj30BaHuq Tonnnoa. mto 

npHBCAGM K CHl1>KeHHI0 TOKCMMHOCTH BblXnOn- 

Hbjx rasoB. noDbiiiieHUio mouihoctm JXBC m 
SKOHoruni TonnwBa. 

npHMeneHne cyu4ecTByK)iMMx (t)opcyMOK 
orpaHMMUBaer MaKCWMa/ibHwe oGopoTU mctw- 
, pexxaxTHoro 5eH3HH0B0ro AQuraTcnfl na ypoB- 
Hc 4500-5000 o6/mvih. TaK k^k MOKCiiMa/ibHwc 
UiiKnoBwc noAaMM cyiuecTByjomux <t)opcyHOK 
rpeOyer apeMGHM mx OTKpbiToro coctoahmp ft- 

12 MC, TO ripaXTMMeCKM B03M0>KGH BnpblCKTOn- 

HMBa /inujb BO nnycKHOvi rpyRonponoA w 

HeB03M0)KH0 BBCCTM paCCHOCHMC 3ap3Aa C 


ue/ibK) noBbJiueHMs; SKOHOMMMecKn ADwraTenn 
11 cHM>KeHMji TOKCMMHOcm OTpaGoTaHHbix ra- 

30B. 

npn npuMeHeMMM npeA/io>Ke>oiori <J)op- 

5 cyHKVi A^n MaKCHwanbHOM noAaMU lonnuBa b 
MeibipexLiM/iMHAPOBbrii MeTbipexTaxTHbiM adm- 
rarenb MOiMHocTbK:) 75-100 kBt TpcByercn 
yro/i noBopora KO/ieHMaioro aa/ia 36^ npw mmc- 
ne o6opoTOB 6000 n mmh, mto cyuJecTBCHHO 

10 MeHbLue <pB3oi nnycKa. no3BonneT OBecTn a^)- 
ct)eKTMBHoe pacc/iOGHwe aapsAa, noBwiueHiie 
3K0H0MMMH0CTM ABMraTen« AO 20%. 
.■■''£Ar:':-'^^^ np^MeHCHMM nbeaonpeoSpaaoaaTa- 

"^^nfl 113 KepaMMKM UTCHB-1 Ha.p^ 

15 MacTbTe40 kFlj caKcnoHeHUMan^^ 

.;v^^^TpaTopoM. MMeioiMMM K03(|)(J)iii4MeHT ycM/ieHiin 
't^8,' npii B^^^ 1200 B 11 

AMaMeTD^ 3 MM noAa^a 6eM3iiKa 3a 

"^rri MMny/ibc cocTaBMT 0,5 mm . npw 3tom KaruiM 

20 Ton/iMBa Ha obixoAS us <|>opcyHKvi mmciot paa- 
Mepbi 1-5 mkm. hto cymecTBeHHO ynymjjacT 
CMeceoGpaaooaHvie m cHii>KaeT TOKCuHHocTb 
BwvnonHbix rasoB. '-l/Z;. 1- 

25 CDopMy/ianadOpef e h m S 

OopcyHKa c 5noKOM ynpaBneiuin A^^i 
BnpwcKa TonnMBa b AowraTe/ib DHyTpeHHcro 
cropanun. coAep>KaiJnafl BbincnHeHHbHi b BWAe 
renepaTopa Hanp«>KeHiin Onox ynpaB/ieHMfl, 

30 Kopnyc c xaHanaMw noAOOAa m otboao Ton/insa. 
3aKpen/ieHHbivl na xopnyce no/ibiw paciuvipvi- 
Te/ib c con/iOBbiMM OTBepCTwnMM, paaMeLueHHbivi 
B no/ioCT» pacnbi/i^iTC/in c oBpaaosaHvieM no/io- 
CTM noAaMMTonnwBa ii BO3MO>KH0CTbK) nepwoAM- 

35 secKoro coo6iMeHwq noc/ieAHeii c connoBWMn 
OTBepCTMnMM, 3anopHbiPi opran c npwBOAOM a 
BMA© MarHMTocTpviKUMOHHoro npeo5pa30BaTe- 
/in, anexTpuMecKn CBnsaHHoro c bwxoaom Onoxa 
ynpaB/iGHMfl. npimcM xaHa/ibi noAooAa m otboas 

40 Tonnwaa cooOiiieMbi c nonoctbio noAaMW Tonnw- 
Ba. o T n M M a K) m a n c n tbm, mto. c ue/ib»o 
yBeniiMGHUH tomhoctu AoanpoaaHun m xaMecT- 
Ba pacnbineMUP, (t)0pcynKa CHa5)KeHa cmgtmvi- 
KOM c npeAycxaHonxoi?!, SnoxoM cornacoDaMiin 

45 ypoBMj?, anexTpoHMbiM kjikdmom c BXOAaMn yn- 
paB/ieHM« M 3aAaTMviK0M. npviBOA aanopHoro 
opraria Bbino/iHCH b bmag ynbTpaasyxoBoro 
npeo6pa30BdTenp c >KecTKO coRsaHHbiM c 
HMM KCHueHTpaTopoM, 3 TCHepaTop Hanpfl)KC- 

50 Hun Bbino/iHCH b bma6 y/ibxpasByxoBoro rene- 
paTopa, npMMCM y/ibTpaaoyKOBOfi renepaTop 
Mepea anexTpoHHw^ xnuDM csjiaaH c cooTneTCT- 

ByiOUAWMH BUXOAaMW CMCTMVIKa, CMCTHWe BXO- 

Abi KOToporo Mepea GnoK cornacooaHMn 
55 ypoBHfl cBJiaaH c BwxoAaMvi 5/ioKa ynpaB/ie- 

HM«, a BXOAW npeAyCTBHOBKVI CMCTMVlka COCAM- 

HCHw c BwxoAaMn 3aAaTMMxa. 


PeAaKTop 


CocTaBMTenb r, Kmc/iob 
TexpcA M.MopreHTa/i 


KoppeKTop r Koc 
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